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Fig. 1. Schematic diagram of the experimental setup. The left is the experimental setup, the right is the design diagram of the co-

planar electrode, the black is the driving electrode and the white is the reference electrode.
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Fig. 2. The deformation and bouncing of the droplet under

the excitation of 250 V. DC voltage, from left to right are
the states of the droplet before excitation, during excita-

tion and after excitation removal.
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Fig. 3. Droplet deformation and jumping under electrowetting excitation, the interval between two adjacent images is 1 ms.
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Fig. 4. The dimensionless droplet jumping height (blue) and
deformation factor (red) as a function of 400 V sine wave

(10 kHz) pulse duration. The green straight line represents
the bounce height under DC actuation.
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Fig. 5. The interfacial energies of the droplet under elec-
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(solid squares), the X-axis represents the base radius of the
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with time during droplet bouncing.

SEFABIN G| KGR SIS, ARX B
A Z BSRTATRE, PRI [T B4 Ik o i £ kA o
i 1817 R TSI AL R Sl AV ki R P
L REFEFEAL. S Y] TG L P TR AR T T
ARAGFWI U EE | 1 fh 2 Bl - S B0 B0 R A%,
SRE/MIEIE R, [R]E T SRR )N R A
TEWK AL R B4 I ]G5 B e R, W 220387 1) o A
SBERIN N 0, HE A7 BE R 0 50 Dok B e (i
AT R ARAEL, DA MIRGR Y B L RE AL T i/ ME. 7R
PR TN i TRCTT 2 fh 2k T [T 47, O AR i ]
A%, ShEenE S RE R . W Eh RETE I
JIod 5 [ (A T A B 1A Bl e K, 2 s IR A E VR
TR B4 T BE D), ) BE R4 RE B GG
PRy MEIR S .

FERH I AT ARG e b, B ShRE A4
AEAH A%, B0 B AR RETE 9 x 107° T 2247 /MR R
5, PRz AR FIRCI 14 A R — 25 I A i
S RELETRGH I 2 f5e o I FRUORC &, B E )
WAREA BN NAE. ZJm, Wi M7, B E e
I6) JS0 Ul BB 1. TR0 B REAE VR0 BT 46 i [ R 5
TS A IR B B AL, R 7 [ A T P T W
PN 4, 50O S REFNE ) SBR[ I sl )N, B2
K/ ME (WL 7). SR IR 73R 18 7K 7 [ A4

FAERIT o] 5k, shaeqe S aeR] Lo, shfe
T RGT Fid 725 [T (AR S T 1 I 1) S B iR, S i) 34
A, WO e 2 U Bk b B A X ER.

0.12
ity ——H@Dij]gﬁ
0.10 — Ful¥RE
— — Bl SRE R
= 0.08
|
S 0.06
=
B 0.04
oz
0.02

0 I I I I I 1
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
Hif1a] /s

Pl 7 YRR A Sk ok A e O AR B ST U A AR A,
O BB AR (L0 6) RIARE (I () 2 40 9 45 & 50 30 B
R 5 (10) F0(11) THEAHH, BLO B BT SRR (B 0)
J2 LA PR 23 1 B
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and the total energy (black) of the centroid is the sum.

VRO R [ AR T 2 A AR T R R A, HiER
AR AR R K, AERH K ] —EIEA T, #
AR/ NG R HAEME . 18] 8 s R PR 3h
TR BRI 4 T %) Bl e RN T PR v AR T
A 2 TSR B S [R] A AR Ak, 7 AR I ) R AR
PR W & AR i AR, SR #AEE R 2 i e S
ARG/, Hde RAE L R 1.55 x 1077 T, AR
T B RE A WA R, — N ERE R
AIE Z AL R 0.5 x 1077 T, —ASFEVH e KAETE

0.15 - - JREBAE
TRENHGE

— PSSR

2 0.05H;

0 0.04 0.08 0.12 0.16
s} 1E) /s

8 T IR S RE R L ALK 3, b IR ShEhBE (@) #0
PRl BE (I 28 ) 20 ) S 45 5 55 36 B A T O 7R (13) A
(15) TR, MR AR SRR I () 2L B2 A
Fig. 8. Vibrational energy conversion spectrum of droplet.
The vibrational kinetic energy (pink) and vibrational poten-
tial energy (blue-green) are calculated using Egs. (13) and
(15) based on experimental data, respectively. The total vi-

brational energy (purple) of the droplet is the sum.
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Fig. 9. Overall energy evolution of a droplet over multiple
bounce cycles. The internal dissipation is calculated using
Eq.(17) in combination with experimental data.
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Abstract

Many industrial technologies, such as condensation cooling and fuel cells, require solid-liquid separation.
Electrowetting is a very effective method of inducing droplets to detach from hydrophobic surfaces, and it is
very convenient to control. The jumping of droplets excited by an electric field depends on the conversion of
surface energy into kinetic energy and other forms of energy. At present, there is still a lack of in-depth research
on this process. In this study, a high-speed camera is used to capture the jumping motion of a droplet on a
hydrophobic surface under the actuation of electrowetting, and the threshold voltage that causes the droplet to
detach is estimated based on the changes in contact angle and droplet shape. A self-written Matlab program is
used to analyze and calculate the various forms of energy in the process of droplets detaching and subsequent
bouncing. The results show that there is an obvious coupling relationship between the kinetic energy and
potential energy of the droplet’s center of mass during the flight of the droplet from the surface. The vibrational
kinetic energy and surface potential energy also show a certain coupling relationship during the flight phase.
The internal dissipation caused by the viscosity of the droplet increases with the droplet oscillation amplitude
increasing, and decays with time. Because it can cause the droplet to oscillate and deform and create more
surface energy, AC pulses are more efficient than direct current in the droplet bounce. By revealing the energy
conversion and dissipation mechanism in the process of droplet jumping driven by electrowetting, a theoretical
reference is provided for the application of this technology in solid-liquid separation and three-dimensional

digital microfluidics.

Keywords: electrowetting, jumping, energy, conversion, dissipation

PACS: 47.55.df, 47.55.dr, 47.65.—d, 47.85.1b DOI: 10.7498/aps.71.20212133

* Project supported by the Specific Fund for Key Fields of Guangdong Universities, China (Grant No. 2020ZDZX084) and the
Fundamental Research Foundation of Zhongshan City, China (Grant No. 2021B2016).

1 Corresponding author. E-mail: wzt4505@163.com

114702-9


http://doi.org/10.7498/aps.71.20212133
http://doi.org/10.7498/aps.71.20212133
mailto:wzt4505@163.com
mailto:wzt4505@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 研究方法
	2.1 实验方法
	2.2 液滴在电场激励下变形和振荡的理论分析

	3 结果和讨论
	4 结　论

